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Flame retarriant comnositfop 




1. nedd of ttieizxventloxi 
The invention relates to a reaction mixture fi|r preparation of a lir« resistant composition 
comprising a curable reain. and the reactionjproduct of tfae mUcture. 
5 CureOjle resins refer to polymer precursori havlQg at least eOvlenicalty unsaturated 
group that can be polymeriaed l.e. cured. Potymerisation may be acdneved hy any 
suitable method. Preferred methods are thennal curing or irradiation, irradiation curing 
being often called radiation curing. The in^dlatlon curing can be done fia- example by 
using ultraviolet radiation and/or ionising radiation, such as ganana i^, X-mys or an 
10 electron beanu | 

The polymerization can be a free radical jjotymerlzatton initiated hy any free «dical 

initiator, fia- example Willi photochemical iniiiatora by radiation curing, or ^th chen^ 
initiator. | 

The flre resistant compositions herein Involved ate composltlonB which are or ^rthlch. 
15 after polymerization, can lead to composiUoiik imparting and/or exhibiting resistance 
attack, for example which are useful : as flame-retaidant cornpositlans. Such 
compositions can del^ the propagation of a flre fer example by retarding the coming out 
of a name. 

I 

There is a continuing need for new mateflals exhibiting an improved resistance to 
20 attack, for example Improved flame retarkants. Furthermore, there is a need for 
materials which, while poasesglng the abov^ proper-ties, are polymerlsable. for example 
m the form (rf'a ooatliig, as a thin or thick layer. 

raosphorous containing materials can be u^d as flame wtardants. It is believed 

the presence of a flame source tirqr act by. for example, formii^ phosphoric and 

25 polyphosphoric acids of low volatility whKSh catatyse the decomposition of organic 
compounds to carbon (char) and water. Non volatile phosphorous containing 
compounds may also coat tiie char to protecj: it from iuriher oxidation, and Oils nu^ act 
as a physical barrier and/or reduce the peiineabiHty of the char. It is believed tfiat in 
general tiie greater the phosphorous consent of tire material tiie better its flame 

30 resistance. 

It wfll be appreciated tiiat the desire Jfarj imparting improved flame resistance by 
incorporating an Increastog phosphorous I content must also be balanced by tiie 
correspondmg reduction in the proportion of other conqninenta in tiie tieated or 
.•nodified matertaL llie overafl physicoehqmlcal and mechanical p«»perties of tiie 
35 resultant material must be maintained wf thiy limits acceptable for its end use. 

P ^ferrsfc^ the polymers and polymer precursors of the invention are substantially &ee of 
^'^^^^'W^ The use of a halogen-con.taIning. monomer to pi^are a flame-retaidant 
•^««^^s8ltlon is less desired. In fire, halogen' groups can generate toxic and conxjstve 
.-^^ISSsasttei products. These conroslve gasis have toxic properties to living bodies. 

• • 
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Mozeover, these corrosive combustlan products can cause significant damage to 
electronic components, present in partlcula^ In computers, wMch veiy oflen results In 
the loss of essential data and irreparable djamage, often worse than the fire itself. The 
combustion products firom halogen-contalximg materials may even be as dangerous as 
5 combustion products firom materials untreated with flame-retardants. It is also 
undesirable to use halogen confounds Ufc other reasons such as their potential^ 
undesirable effect on the environment. j 

Many previous pbosphorous containing flame retardants have been non- 
copolymerisable compounds and/or required additional halogenated compounds as 

D additives to improve flame retardant properties. In conventional plastics, fiame 
retardation of polymers has been achieved iy the use of flame retardants as additives* 
which are physicalljr blended as a mixtwe with the polymer. Such additives modifjr the 
physical and mechanical properties of ^e polymer often in an undesirable or 
unpz^ctable way* Ihere may also be comi^tibilily problems with the additive and the 

5 polymer to which it is added. Additives can also be -unacceptable for certain 
applications, especially for coatings, as they can migrate through (he coating to the 
surface which can lead to blooming phenomena. Additives may also discolour the 
composition which is a particular issue for dear coatings. Furthermore the use of 
certain additives may not work well with Radiation curable materials since the high 

0 concentration of additives could lead to incopiplete curing because the additive absorbs 
radiation. 1 

For all these reasons, co-polymexlsable compounds containing phosphorous have been 
developed in which the phosphorus atomj is linked to the backbone of a polymer 
precursor through a chcanical reaction in which a covalent bond is formed. This method 

5 of incorporating phosphorous is advantageouis because as the phosphorous moieties are 
permanently Uxiiked to the backbone of the residtant polymer, there is no blooming effect 
and there are no compatjO^ility issues sis can be the case when incoxporating 
phosphorous containing additives. Use of phosphorous containing potymer precursors 
also has a reduced influence upon the physical and mechanical properties of the 

0 resultant polymer. For example solid flame retardant additives can undesiiably increase 
the viscosity of a polymer to which they are a'dded. 

Polyester (polymers) are compounds (usuaU)^ polymer compounds) containing at least 2 
ester functionalities. I 

Badiation-curable polymer precursors can jbe actylated oligomers or monomers Le. 
5 compounds containing radiation-curable acjrylate functionalities. 

Polyester acrylates fPBA) and polyester urethane aciylates (PEUA) represent an 
important class of radiation curable oligomer as they are often used as polymer 
precursors to make coatings (such as UV curable resins and tjv curable powder 
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coatings) for thermally sensitive substrateis such as wood or MDF (medium density 
fiber). 

Eire retarding curable polymer precuiBors cs n thus comprise halogenated or halogen- 
free, espedally phosphorus containing, radkition curdle polymer precursors. 
US 6242506 describes an halogenated radia Ion curable aciyllc compositions that is 
improved with regard to flame resistance by _ 
the reaction product of tetrsibromophthallc a nhydnde or add and a Cmeth)acxyllc 
compound. 

US 6456984 describes an halogen-free radia fcion curable flame retaidant composition 
that comprises an end-capped oligomer of a phosphonate polyol and a polylsocyanate 
and an organic monomer. 

BP 1031574 describes a phosphorus polyol dontaining at least two terminal pliospbate 
groups; or pbosphonate groups; or one phos ^hatc and One pliosplionate group. 
Independent claims arc also included for me hod for preparing said polyol; use of said 
polyol as additive In composition which Is crassllnkecl by irradiation; oligomer obtained 
by reacting said polyol with polylsocyanate a ad hydroxylated acrylate; polymer obtained 
from said oligomer; and use of said polyol, polymer or oligomer in coatings or flame 
retardant compositions. 

WO 0174826 describes a co-polymerisable p]iosphorus containing polymer precursor 
which comprises: a) a potymeiisable unsaturated bond; b) an oxjrcarbonyl or 
imlnocarbonyl group; and c) a free hydros group or a functional group obtainable by 
reaction of a free hydroxy group with a suitable electrophfle; and d) a terminal 
pho^horus and oxygen containing group located at the end of a caibon chain and 
comprising at least one group selected from: Lydroscy phosphorus and an optional^ 
substituted hydrocarbyl group attached to a phosphorus atom through an cxy group. In 
an example, the reaction product of glydcbrl taethaciylate with dibu^lphosphate {GMA- 
DBP) is used as polymer precursor* 

EP1238997 describes an halogen-iree radiation curable flame retardant composition 
that comprises an aciylated phosphorus con raining polyol- An escample is a 
phosphorous contaxning polyester acxylate. 



2. The lansdnation of glass 
Ihe technique of laminating glass panes, Le 
permanent way by an interlayer, is well 
laminates are used for automotive and 
m me present description, the term •'glass" is 
of glass appearance. Glass appearance objects 
used but are less preferred because of their p 



bind two or more glass panes together in a 
and generally applied. Such glass 



I known 



bufldi ag applications. 



used to designate objects made of glass or 

such as polycarbonate panels can be 
oor behavior in case of fire. Ihe glass 
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objects can be made of ordinaiy float gLass» > /ether tempered or not, or of special glass 
such as borosilicate glass* 

Laminating protects people for splinters in ciise of glass breaking, it also allows giving 
addition properties to the glazing. Basically, aminated gjass is Industrially produced 
either hy a IBlm system, or by liquid cast-in-f lace resin po](ymerised in situ. 
Hie film lamination tedbnology often comprie les the insertion of an organic, polymeric 
film betixreen two glass panes, and faondixig t lem at an elevated temperature under an 
elevated pressure. Different materials can be used, for example polyvinylbulyral (JPVB) as 
the organic film. 

The foil is positioned on a glass pane, and a Second pane positioned upon the film. The 
so-formed sandwich has to be passed througn an oyenr to weaken the film and create a 
preliminary adhesion. Ttxe sandwich has thei to undergo a batch wise heating and 
pressure cycle, in order to bring the film in c ose contact with the ^ass and to dev^op 
adhesion onto the glass suiiaces. This opera Ion is done In an autoclave, at 120 to 135 
(160) *'C and with increased pressure, typicaJ ly between 10 to 17 I^cm^ in oider to 
bring the film in dose contact with the glass and to develop adhesion onto the glass 
surfaces. Residence time in the autodave at he required tempemture is 30 to 45 
minutes, longer for bent or mxdtlple laminates. The total residence time, including 
heating and afterwards cooling is about 2 hoiirs- 

The FVB film lamination process is describee in •Encyclopedia of Chemical Technology' - 
raRK-OTHMER- 4^ edition. Volume 14, pag5 1059 - 1074, 

The main restrictions to this system are the ] ilgh Investment cost, whilst also the size of 
•the autoclave can be restilctive in the case oj 'larger panels and bent glazing. Moreover, 
the film lamination is batch wise, it requires si high-energy input. A large slsse apparatus 
is required, and the total opemtion time is la ig. Also, it's more difficult to applty on 
certain j^ass surfaces, e.g. toughened glass t lat is not completely flat In such 
situations, the film is not elastic enough to a lapt to the surface unevenness. Also for 
bent glass its more critical to apply, when th e curving of both glass panes wouldn't be 
identical. 

A possible solution to compensate for glass s utrface unevenness is to apply more film 
layers, 4 or 6 or more layers instead of 1 or 2 layers as standard used. However, in this 
way slgntficantly more organic flammable material Is incorporated. 



An alternative lamination technique is by the 



Two glass panes are bond together by a doutfle*sided adhesive tape that also functions 
as a distance holder. The thus created cavity between the two sheets is then filled up 
with a liquid resin, l^ical^ the envelope is ] positioned at an angle of some 45^ during 
filling. Ailer complete filling, the filling openii ig is closed with hot melt material and the 
fiUed sandwich tilted into horizontal position 



use of liquid resin, cured in situ. 
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Hie liquid resin is then polymerlaed, the so-called ''curljig**. Cuiing can be either by 
radiation, or chemically by appropriate cataljrsts and accelerators. 
After completion of the polymerisation, the so-called "curing', a aoUd interlayer Is 
formed. There is basically no visual dififerentiation between foil laoainated gla^ng and 
resin laminated glazing. 

The equipment needed for resin lamination 1 s limited to one or two tilting tables to allow 
the assembly of the envelope, a dosing pumi: and. In case of radiation cure, an (UV) 
oven» 

A strong techniced advantage of the hquid redin system is that the caviiy between the 
two glasses is completely filled up with the U juid resin, the shape or roughness of the 
glass surfaces is of no importance on the bonding with the resin interlayer. The 
incorporation of adhesion promoters(s), mosi often appropriate sflanea, allows for a 
chemical bond to be created between the slla nol (-Si - OHJ functions on the glass 
suzfibce. and the interlayer. A chemical bond is veiy strong and highly stable in time. 
Ihe chemical nature of the liquid resins usee [*for glass lamination can be of different 
kinds, either polyester, polyurethane, silicon s or, most often nowadays, acxylic. Hie 
latter is preferred i.e. for its bigh resistance < gainst outdoor weathering conditions. l,e, 
UV radiation, heat and humidity^, ^ 
An example of a polyester based liquid resin aystem, for manufacturing acousUc glazing, 
is described in French patent 1367977, '^Aco isdc Laminates", by SAINT-GOBAIN 
INDUSTEUES France. 

An example of a urethane aciylate based liqv id xesin system, for manufacturing dear 
^arfng, is gjven in EP01086S1. by DELTAGL A.SS SJL, priority date 05,1 1,82. 
Curing of the liquid resin can be initiated eitlier chemically, or by irradiation, UV or 
visible light radiation. ' 

For chemical Initiation one or more catatysts and an accelerator are added to the base 
resin, this is the so-called more-component 4(^tenL Each of the above mentioned 
chemical types of resins could be more comp inent 

The reaction starts after the blending of the datalystts) and the accelerator with the 
resin, after a period of time that depends on lie resin composition, the concentrations of 
catalyBt(B) and accelerator, and the temperature of the substrates and the environment. 
Additionally, IR radiation sources can be applied to increase reaction speed* 
Radiation curable re^s are initiated by irraoiation. Nowadays mostly applied are UV 
resins, initiated by the action of UV light of k W intensity. The UV radiation activates the 
reactive monomers of the system and starts tl^e polymerization. 
UV curable liquid resin systems are described in i.e, EP0108631. 

UV resins are initiated by the action of UV li| ht of low intensiiy. Typically, the residence 
time in the oven is 15 to 30 minutes. j 
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Different chemical iypes of polymer prccweofs are possible, most applied are 
ethgdenlcally unsaturated m*ethaneactylate z iid aciylate based systems. 
Aczylate based UV curable polymer precurso rs t/pically contain: 

- a reactive oligomer, i.e. an aciylated urethJne oligomer. 

- reacttve diluents, i.e- monomers. | 

- the monomers can be one or more of the fol owing: 2-ethylhexyl aci^date. 1,6- 
hexanedlol diacxylate. n- hexyl acijdate. n-hlgrl methaciylate. 2*hydroxyetfayl aciylate. 
2-hydro5grethyl methaciylate. ieoborrQrl aCT^dyite, Isobornyl methaciylate. isooctyl 
aciylate, n-Iauiyl acrylate. n-lauryl methacryjate, methyl methaciylate (MAftfl, butyl 
acrylate, acjtylic add, methaciylic acid, isobutyl actylate. cyclohexyl aciylate. 2- 
buto^Qrethyl aciylate, qycloh^l aciylate, N-\|inyl pyrrolidone, the preferred ones in the 
field of glass laminates are mono-iunctional monomers, 

- a photo-initiator, 1 1 

- adhe^on promoters, for eTcample silane conyiound 

- additives, as for example stabilisers. i 

Laminated glass is used in the automotive an|d Ihe building industxy. Its functions can 
be manifold, although the main objectives ar j sound insulation and safety and secuxlty 
performance. | 

Olazing in the building industry has several . fimctions, more or less dependent on its 
application: 

- regulation of the in falling Ught and transp^ency. control of the in fellinig sun heatfa» 
integHly. protection against wind and heat f eat insulation, 

- acoustic insulation^ c | 

- safety and/or security performances, to pre tect people against falling through glazing 
and against falling glass, to protect against hijiiglaty and vandalism, 

- decoration. | 

liaditional film or resin laminated glass fiilfi ^ most of these fimctions. in particular film 
or resin laminated glass may have very good aropertles as to sound reduction and 
impact resistance. | 

3, fire retardant laminated glazing 
Laminated glass can have useful function In protection against fire. This Is only 
obtained by the use of special glasses and/or special interlayers. Such Interlayeis are of 
a different chemical nature than the int 
described above. 

Typically, the interlayers. of organic or inor 
described in the publications mentioned he 
EP0S00317 from PILKJNGTON PLC (GB) desc 



'ers applied for standard glass lamioation 

Ic nature, for fire retardant gazing are as 
lelow: 

Ibes a reaction mixture for preparation of 
a fire resistant composition comprisix:ig an ep oxy resin, a curing agent for said resin and 
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a boron compound which Is not a curing ag4it for the epoxjr resin, the traction mixture 
being translucent such that the reaction mtifture cures to a translucent reaction 
product The invention further provides a method of producing a Aire resistant laminate 
In which the cured reaction product of a bor^ conqiound contsiniog epcixjr icsln Is 
5 used as an Interlayer between two transluceit panes and a translucent fire resistant 
laminate. The processing time i» long and tlte pot life of the eposy resin ie relatlveljr 
short. •', 

WO 99/16604 ftTLiONGTON PLC) describes Interlayer mateilal for fire resistant 
laminates comprising a water soluble, glass forming metal phosphate, a water soluble 
10 Char romring conQjonent and a binding agenL A starting formulation contains 70 parts 
metal phosphate. 20 parts sorbitol, 10 partsjboric add and lO parts of 60% acrjdamid 
solution. i| 

WD 0170495 PILKINGTON PLC describes w^tei^ass based intumescent interlayer and 
methods for the production of such laminat^. These laminates are produced by pouring 

15 an aqueous waterglass solution onto the sxwjface of a first glass pane and drying ttie 

solution in such a manner that a clear interfayer is formed. The processing time la long. 
WO 0119608 (GLAVERBEL) describes transparent fire break glass panels comprising at 
least two glass sheets and an intumescent piosphate-based material layer, which layer 
is located between said two glass sheets. Th^ Intumescent material comprises 
pyrogenous silica or a mixture of pyrogenou^ sllica and ahnnina. The manufacture of 
mich laminates includes a lengthy and delicdte step of drying the Intumescent material. 
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4. Description of the Invention 

A need exists to develop Are retardant glazing that can be fest processed using flame 
25 retardant compositions that can be cured in k veiy short time, without water or solvent 

evaporation. fj 

A need exists to develop compositions whlchlare (or can produce, after cure) translucid 
(and. more preferabfer transparent). flame-re4rdant and adherent to glass, and of easy 



30 



curing, -j 

'transli 



A need exists to produce In an efladent way tLnslucent laminates combining together 
improved flame retardancy property with bl^ hnpact resistance, acoustic insulation, 
aging resistance, adhesion on laminates or naore of one of these properties. 
Tte-present Invention provides a reaction mliture for preparation of a fire resistant 
composition comprising a curable flame retaidant polymer precuraor. and may also 
35 contain flame retardant additives such as in&mescent agents and flame retardant 

or0A«ip or inonganic additives, the reaction Xture being such that the reaction mixture 
c:-?as tc a translucent reaction product. t| 

His jzr^ent Invention provides a reaction mixture for preparation of a Are resigtant 
=c=isQaition comprising a curable non flame fetardant polymer precursors and flame 
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retardQEoit additiyes sucdi as Intumesc^t agexits» flame retardant organic addittves« flame 
retardant inorgaoic addittved, or combination thereof, the reaction mixture being such 
that the reaction mijcture cured to a translucSnt reaction product. 
Hie present invention provides a reaction m&ture for preparation of a fire resistant 
composition comprising a mixture of curabl^ame retardant polymer precursor with a 
curable non flame retardant pol3ncner precursbrs, and may also contain intumescent 
agents and fiame retardant organic or Inorggmic additives, the reaction mixture being 
such that the reaction mixture cures to a tr^slucent reaction product. 
Such mixture pennits to develop flame retamant resins that can be cured in a veiy 
short tune, without water or solvent evaporation, useful in g^ass laminates manufacture. 
Hie compositions are (or can produce, afteri^ure) transludd (and, more prdTerabJI/ 
transparent), flame-retardant and adherent |p glass, and of fast and easy curing upon 
appropiiate nradlatioii. 

Ttanslucent laminates can be produced comj|inmg together lixqiroved flame retardancy 
property with high impact resistance, acousmc insulation, aging resistance, adhesion on 
laminates or more of one of these properties.^ 

The present invention also provides a method of producing a translucent fire resistant 
lamtnatc comprising the steps of: providing a^reaction mixture comprising a flame 
retardant curable polymer precursor, a free isadical initiator for said resin and flame 



retardant additives; at}6 let the reaction 
product whloh forms an inteziayer between 
Hie steps (i), (JQ and Qif) involved into the di 
succsessive, separated steps. For example, 
romposiUon can be placed betwem the gjlas! 
imder UV-light, so as to form a glass laminai 
Cinterlayer**) bonding the glass sheets togethj 
It has been observed that a radiation curabl 
component permits to bond two glass sheets 
presenting an advantageous combination of 




ciue to form a translucent reaction 
o translucent panes, 
ed method are not necessarily distinct, 
in a preferred embodiment, the curable 
^^heets, allowed to cure by irradiation 
comprising a cured composition layer 

composition comprising a flame*retardant 
ogether and to form a glass laminate 
iroperiies sought after for safety/security 



glass laminates with flame-retardant/fire re distant properties desired for flame retardant 
lamixxates. 1 
Preferred embodiments of the ixxvenUon are c|pcribed in the claims. 
Polymer precuisois may comprise one or mc^l^ monomer, oligomer, polymer and/or 
mixtures thereof which have suitable polymJ^sable iunctionalily. 
A monomer is a polymeiisabie compound wil^ a low molecular weight (e.g. <1000 



g/mol). An oligomer is a polymenzable com] 



higher than a monomer. Preferably, the molecular weight of an oligomer is comprised 
between about 2S0 and about 4.000 daltons. ^ monomer is generally a substantially 



aund of intermediate molecular weight. 



monodisperse compound whereas an oUgomi 



or a potymer is a polydisperse mixture of 
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compounds. A polydisperae mtslure of comp 
is a polymer. 

Itie generic tezxa resin is comznozity- used to 
retardant additives are defined as non reac 
additives are not co-polymerizable by actinii 
present invention, the flame retardant addii 
components of the reaction mixture in such 
translux^treaction product. 
Tbe role of organic or inorganic additives is 
Examples of fleune retardant oi^ganic addil 
descritked In"P1re Retardaxicy of Potymer Mai 
A. Wllkie ; Marcel Dekker Inc ^000), pages 



<^^h^ *^ jam at « 



unds prepared by a polymerisation method 

cslgnate a polymer precursor. Flame 
|e (organic or inorganic) additives. Le. the 
diation, heat, or chexxxical cure. In the 
are compatible with the other 
way that the reaction nubcture cures to a 

Increase the flame retaidancy properties, 
and their mechanism of action are 
lals", edited by Arthur P. Grand & Charles 
;es 246 to 279 Chalogen based), pages 147 



to 168 (phosphorus based), pages 353 to SSTjlfsilicon based). 



Examples of flame retardant inorganic addil 
derivatives as described ln"Flre Retardancy 
Giand & Charles A. WUkle ; Marcel Dekker 
to 335. 

The role ofinlxmiescent agents is to increase 
Intumescent agents are orj^nic substances 
compounds, the term "polyhydric" bemg hi 
two or more hydroxy groups. These compc 
include trimethylolpropane and its derivative 
glycols, glycerine and its derivatives and the 
used individually or in mixtures or comblnaf 
or in combination with the polyhydrtc compi 
product. This surface char insulates the sub; 
Examples of intumescent agents and their 
Retardancy of Polymer Materials", edlted by 
Marcel Dekker Inc (2000), pages 160-153, ps 
FrefeiTed reaction mixtures leading to transit 
the invention have a light transxnission. 
preferably at least 50 %, more preferably a 
transparent wether colored or not* 
Photochemical initiators (also called photoi 
radicals by absorption of light, lyplcally UV" 
descrihBd in "The chemistry of free radical p( 
David H.Solomon; Pergamon (1995j. pages 
without photolnltlator can be cured by electr^ 



26 are boron, zinc, iron, antimony 
[Polymer Materials", edited by Arthur F. ' 
(2000), pages 119 tol34 and pages 327 

duration of fire resistance. Examples of 

[y in the form of polyhydric 
d to denote organic compounds having 
is can also be referred to as polyols and 
, pentaerythritol and its derivatives, the 
ugars. The polyhydric compo%uids can be 
ins. Gas generator can also be used alone 
ids to blow the forming char to a porous 
Lte from the flame, heat and cu^gen. 
chanism of action are described in "Fire . 

lur F. Grand 6l Charles A- Wilkie ; 
^es 217-236. 

it reaction products in accordance MdQi 
a 2mm layer thereof, of at least 10%, 
1 80 %. The reaction product is preferably 

aators) are compounds that can generate 
lL Typical photochemical initiators are 
lerization". edited by Graeme Moad and 
I to 89. Alternatively, the same composition 
beam (EB). 
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Cbonical initiatiors are typically azo-campoi 
radteals through the applicatiloii of heat, 
described in The chemlstzy of free radical 
David H.S61oinon: Peigamon (1995). pages 
The flame letardant curable composition 




one or more radiation curable halogen or phosphorus based Tor combination, of both] 



IS 



oligomer^, the molecular weight of which 
at the chains ends or laterally along the ch; 
Examples of such flame retardant mono- o\ 
phosphorus based urethane aciylates or mi 
B4S6gS4 and EP 1031574. EP1238997, BP 
acrylates or methaciylates, such as describi 
^o?gracryIate& such as describes in US & 
phosphorous-containing polyesteracxylates 
can be prepared from poJ^oner precursor d< 
phosphlnate ester (P-O-C) bonds. 

- one or more monoethylenically or polyeth 
monomers that are halogen or phosphorus 
The essential role of these flame retardant 
depending on the intended industrial appli 
properties. Hie monomers have molecular 
Since these monomezis contain radiation 
example, , acxylic groups, they also partidipaj 
polymerization, ttiQr are permanently part 
ESxamples of suitable flame retardant monoi 
flame retardant monomers are phosphate ei 
0174826, phosphate esters available In co: 
168 and Ebeciyl 170, phosphate esters w\ 
names PAM-lOO and PAM-200 (methacryl 
In addition, the flame retardant radiation c 
" one or more non flame retardant curable^ 

- one or more non flame retardant monoei 
monomers, such as bulylaciylate, bufylmei 
methylmethaciylate, 2-ethylhe^lacxylate. 
methaciylic acid, oclyl/decyl aczylate, octyl, 
2-hydro:syethylmethacrylate, phenOTQretfayl; 
nonylphenoletho2£ylate monoacrylate, nonyl 
carbonylethylacrylate, 2-('-2-eth02gretho2Cjr}e1 
(HDDA). 



ds or perosddes that are decomposed to 
ot a redOK process. The mechanisms are 
ilymerization", edited by Graeme Afoad and 
95. 

contain : 



generally lower than 10,000 and which have, 
aciyllc, methaciylic or vinyl groups, 
ilyethylenically unsaturated oligomers are 
lacrylates, such as described in US 
8997, phosphorus based polyester 
in EP1238997, halogenated* 
1506. and the like. Water-thinnable 
methacrylates can also be used. These 
led in EP1238997 by hydro:ib^sis of their 

cally imsaturated flame retardant 
fased (or combination of both), 
tnomers is to enable to adjust the viscosity 
on and to confer flame retardancy 
ight typically lower than 1500 daltons. 

ethylenica^y unsaturated groups, for 
in the radiation curing, -and after 
the final polymeric products obtained. 

cally or polyethylenically unsaturated 
mentioned in prior art content of WO 
erce from UCB with trade name Ebeciyl 
ble in coxnmerce from Rhodla with trade 
phosphonated esters), 
ble composition may contain : 
'omcrs 

lenlcally or polyethylenically unsaturated 

late, methylacrylatef 
ithylhe^lmethacrylate, acxylic acid, 
iecyl methaciylate, 2-lrydro3cyethylaciylate. 
iate, phenoxyethylmethaczylate, 
enolethoxylate monotnethaciylate, beta- 
iactylate, 1,6-hexanediol diacxylate 
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The flame retaxxiant xddiation curable compi 
translucent product is required i.e: as the in 
used as a vrbxdow. Bfixtures of these zoonoe 
poljmier precursor xxiay be used in accozdan 



The photoinrttotor is capable of tattlating th Ipotymerisation 1^^ exposure to actinic 

. 3.2 % by weight of a photolxiltSator is used, 
s to UV radiation. Frererably, the 



Itlon should be translucent when a 
ferlayer of a fire-resistant laTninat^ to be 
LylenlcaUy or polyethylenically unsaturated 

with the invention. 



radiation, Uke UV radiation. I^lcaDy about 
if the composition has to be polj^erlsed by 

amount of photoinitiator In the composition.^ comprised between 0.01 and 3%. 
The reaction mixture contains at least 30 palts by weight of the flame retardant 
mdiation curable resin, preferably at least 5 J^parts by weight and more preferably at 
least 60 parts by weight* 1 

name letardant organic or Inorganic additiv |s which may be incorporated in the fire 
retardant reaction miidures of the present 
conqpounds as phosphates, phosphonates. 
compounds, also halogenated, usualb^ ' 
derivatives, silica derivatives, Nanoparticule 
(organo-modiiied or not) may also be used, 
nanoparticules (nm range) allows improved 
additives (micrometer range). Nanoclays cor 
and mass-transport barrier, slowing the ej 
decomposition of the product. The patent j 
03/07/2002 describes radiation curable coi 
with ndrxeral materials. Such compositions 
coatings and/or compositions described px 
preferab]|y comprising nano-layers. called ; 
clays. 

Examples of suitable organic additives Indue 



;ntion Include phosphorus based 
^sphltes, ollgomeric phosphorus 
Lted, compounds, bore derivatives, sdnc 

silica nanoparticules or nanoclays 
very low particule size of the 
iansparency compared to other Inorganic 

flame retardancy by acting as a Insulator 
>e of the volatile products generated by the 
ilicationPCT/EP02/07371 filed on 
losite compositions comprising polymers 
suitable for forming coatings. The 
»ly comprise nano«slzed minezals, 
►days when the nano-layer minerals are 

orgjanic phosphorous containing 



compounds such as tris-(2-chloroethyl) pho Jhlte, diphenyl phosphite, dibulyl 



phosphite, ammonium phosphates, ammonj 



(e^ g. melanHne pyrophosphate and/or melax |ne orthophosphate), 9, lO-dihydro-Q-oxa- 



lO-phosphaphenantrene-lO-oxide O^OPO), 
•potyphosphazene derivatives, tris-2-chloroc 
tris(dlchloroisopropyl) phosphate CTDCPJ, 
tributoigrethyl phosphate, trioctyl phosphate 
chlorophosphate, chlorinated diphosphate 
as ANTDSLAZE V 66 (chlorinated diphospha 
esters). Phosphonates e.g. Rhodia's ANTIB 
or pyrol 6 (diethyl N,N bis(2-hydro;Q^thyD; 
may also be used. Qycllc phosphonate este; 



L pol)rphosphates, mdamine phosphates 



itaeiythritol phosphates, 
jyl phosphate (JCEP), 

>rolsopropyl) phosphate. 
Lphenylphosphate, diphenjd 

available in commerce &iom Rhodla 
testers) and V 88 (chlorinated diphosphate 
p DMMP. dimethyl methyl phosphonate. 
nomethylphosphonate) from Akzo Nobel 
Lvailable in commezx:e from Hhodia as 
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Antiblaze CU (qycllc pihosphonate esters) ani Antlblaze 1045 (<7cUc phosphonate estei^J 



may be used. Halogen-firee polymeric phosp: 



3J 



»rus deiivatrire available In cotmnerce-fiom 



Albermaxle under the trade name Noendex E^30 (pzx^pziatoiy halogen-free, phosphorus- 
based flame letardant) may be used. OKgomeilc phosphate esters like Fytol 51 
(oUgomeric phosphate ester) and Fyrol 99 (oigomerlc phosphate ester) fitam Akzo Nobel 
may be Used. Examples of suitable halogenaled compounds inciude liquid 
chloroparafHns, such as that avaflable from Moechat Chemicals as HOEXDHST 40 LV, 
Examples of boron organic or inorganic derivatives are boric acid (Inorganic) and 
trimetho>grboroxitxe (organic). Boron derivatives are believe to be converted In inorg&oic 
borates which combine at hl^ temperature |to form glassy poJ|yboiates which 
Impregnate the residual char to lizq>art ^oodi' nechanical stability and improve the 
adhesion between the imi^regnated char and the sur&ce of the ^ass. 
K8:ample$ of suitable inorganic additives incmde inorganic phosphorous containing 
compounds such as ammonium phosphates[| anmonium polyphosphates, inorganic 
hydroxides such as aliimlnliiTn trihydroxide^^taagnesium hydroxide, brucite. 
hydroraagnesite, aluminium phosphinates, Axed metal hydroxides and/or mixed metal 
hydrox)rcarbonates ; inorganic oxides such ^1 magnesium oxide ; and/or antimony 
Ixloxide ; silicone, silica and/or silicate d*erl^|ttves ; and/or other inorganic materials 
such as magnesium calcium carbonate, barlibn metaborate ; zinc borate, zinc 



hydrosystannate ; zinc stannate ; zinc me 
of vitreous materials that act as a flame rel 
Ceepree under the trade name Ceepree 200} 
Sxamples of suitable inorganic additives 



''il 




nanopartlcules are available from Hanse^Ch^ hole with the trade name Nanociyl 



{nanosilica reinforced aczylate), available froih Hybrid Plastics™ with the trade name 
POSSiM {polyhedral ollgomeric silsesquloxanSs) , available from Degussa with the trade 
name Aerosil (fumed silica], available from Si d-Chemie with the trade name Nanofil 
(nanoclays). . } 

The flame retardant additives may optionall}^ be surface treated to improve their 
compatibilit(r with the polymers to which thejr are added. For example inorganic 
hydroxides may be surface treated with long! bain carbox/lic acid (s) and/or sUane (s) 
as described in'TIre Retardancy of Polymfer ^ ateilals", edited by Arthur F, Grand & 
Charles A. WUkle ; Marcel Dekker Inc (2d00]| pages 28S to 362. 

When the reaction mixture is to be used intk e production of a trarxslucent laminate, it 
may be "cast" in a casting ceU comprising tw| opposed outer plies, e,g. of glass or 
plastics spaced apart and separated from oiie another by a peripheral spacer bettveen 
them, and cured in the cell. Such techni^ue^^ !are well known and are described in, for 
example, GB-A-2015417 and GB-A-2Q32.844i and in EP-A-0200394. The glass plies may 



rate ; expandable graphite : and/or blends 
ant barrier (such as that available from 

Lde nanoparticulTO. E^icamples of 
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be of axmealed or toughened (heat or chfexMdKially toiighened) glass and the. plastics plies 
may be of aciyllc or polycarbonate plast Lcs x oateriaL 

The laminate made of two glass sheets 1 onded with an interlayer according to the 
invention, can be a part of ^vlndow assembll ss such as for example multi-sheets 
laminate C02iq>i2Sing 2 laminates bondeip by a flim of x^oljrvinylbutyral* 

The term ''translucent" is used herem to! describe products and matenals which transmit 
light so Oiat they are suitable for gazing applications, whether providing clear through 
vision, i.e. being transparent or coloiiess, orjnot. 

5* Eixamples 1 to 11 
fixperimental conditions 
In an escamples, the eKperimental conditionsj ^ 
glass laminate assembly 

Two glass panes, normal float 4 nam noibinajl thickness, are bound together with double- 



aided tape 3M VHB4910. Liquid resin cc mpositlon is Introduced in the interspace using 
a funnel . Curing is made in a conventional 
Interlayer Is 1.5 - 2.5 mW/cm^. Curing time 



Resin laminates coded as 4 / 1 / 4 means: ^ r mm float glass - I mm resin interlas^r 
(1,L.) - 4 mm float glass. 
resin color 

measured on the 1 cm thick resin as is, 
n apparatus, in APHA. scale, 
thermal stabflity of the resin 
the resin sample is stored at 50^C for a 
are reported (delta E). 
shore hardness of the ciu'ed resin 




were as follows: 



JV oven, intensity measured on the 
is 20 - 25 minutes. 



on llOVIBOND PFX190 - TINTOMETnEDR SERIES 



prolonged period of time, and changes.in color 



shore hardness is a measure of the hardhesi of a resin mtei'layer alter cvae. 
It is measured by SHORE DUROMETEM on a sample of 10 mm thickness, cured as 
described in 1-* The level of penetration bf aLeedle into the surface of the sample is 
measured and expressed as a value between! 100 and 0- Lower figures indicate deeper 
penetration and softer products, 
adhesion of the interlayer em th e gflass suy faj>e 



IS measured as a shear adhesion on 20*^0 n ma samples cut firom a laminate, 24 hours 
oRer cure. The apparatus used is: LHOMAR^Y DY31 dyxiamometer. drawing speed 10 
cm/mln, 



t adhesion is measured at rupture/ repdrted in MPa, megaPascal, 
Z2£ Synrigatlon at rupture is reported In mm, 
lamin ate - viaual appearance of 



Irs^eefeed for mechanical and optical defiects 



transparenqy, visual coloration. 
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measured on BYK GARDNER COLORS^HE]^, reported In CIELab system as L*, a*, b*. 
laminate - lOlma testing 

In the KUma test, the samples are subjepted to cyclic changes in temperature, between - 
5 30 and +80**C. This is a measure of the jresii stance of the glazing against thermal chocs. 

»f 4 hours each. 



In these tests, duration was IQO cycles 
laminate - thermal ageing 
The laminate is stored at SO^C for a prolonged pcdod of time and changes to colour are 
reported. 

color is measured on BYK GARDNER COLORSPHBRB, reported m CIELab system as L*, 

SiW . . . ^ 

eventual changes to color are reported 
mterlaver - behavior to iSre conditions 
totezlayer films, Le. not bound on 
behavior in Hame conditions. In real lif4' the 
when the glass breaks, the toterlayer cdmes 



DELTA E values. 



j|lass 



surfaces, can be visually observed for their 
totedayer is between glass sheets. However, 
to direct contact with the flames. A similar 
Situation as will occur when the glass i^! broken, is simulated In this test. 
In this test, a free flhn Is positioned hor zonjalJty and fibre is set ty a lighter. It*s visually 
observed how the material behaves, as to bi inning and speed ctf burning, smoke 
development, charring. 

This test is not quantitative, but allows Ipomlparison with (a) reference(s). 
Laminate - behavior in fire conditions 
Oone.calorimeter 

10 cmx 10 cm samples of ^ass laminaje (4Vl/4) with references 1. 2, 3, 4, S. 6 and 7 
were tested in a cone calorimeter cquipxl[ien1 (as described to standard ISO 5660J at a 
flux level of 50 kWm-*) where the rate ofl jhea t release (to kWm-^) was recorded as a 
fimction of time, as wen as the total of neat release (kj/m2) and the peak of heat release 
(kW/m2). 

Glass laminate 1 and 2 are non flame retard ant laminates. Glass lamtoate 3, 4, B, 6 and 
7 are flame retafdant lattdnates based en th e dififerent approaches of the present 
invenUoti. 

A strong reduction m the Total of heat rsleaae (kj/ra2) and a strong reduction la the 
Peak of heal release ^W/m2) for the gkps laminates 3,4,5,6 and 7 is observed 
compared to the non flame retardant gl( |ss 1 luninates references 1 and 2. This shows 
that ^ass lamtoate systems 3, 4, 5, 6 and 7 .can be considered as havitxg improved flsune 
retardancy compared to ^ass lamtoate J 1 and 2. 
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Uvekoi™ A Qiquid resixx cast between sheets 
produce soxuid insulating g^ass laminate), I 
of glass and cured lender UV light to produce soimd insulating and impact resistant 
glass laminate) are products available from 
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.of glass and cured under UV light to 

ji 

wekol™ S (liquid resin cast between sheets 



JCB. 



5 Rasdok™ 1722 la an acrylated phosphorous 



^ntaining UV curable oligomer available 
from UCB. Its preparation is described 02/070587. 
Iracure 184 is a photoinltiator available froE i UCB. 

GMA-DBP refers to the reaction product of | lycidflmethaciylate with dibutylphosphate. 
Its preparation is described in WO 0174826 jtesmmple 1, la). 
XP 21/768 ivas purschased from Hanse Chpnie (HDDA with 50 wt. % silica 
rianoparticule) — - .... ^ 

The bentonite clay available commercially ficpm Southern Clay under the trade name 
Cloisite 30B comprising an organoammoniubn cation of formula: 
)H 



HgC— N— HT 



15 where HT denotes a hydrogenated tallow re^due (-65% C18; -^30^ C16; •-5% C14J 

Stabililv, color, adhesion nronerties 
- glass laminate 3 

The resin used in laminate 3 is characterizejd by low color (162 Apha} » excellent stability 
20 and homogeneity (no decantation) , workabs Jly and reactivity. 

The laminate 3 has e^ccellent transparency ( i-ansmittance > 85%), excellent optical 
properties (no optical defects), is stable agaiost temperature and UV Inradiation (no 
yellowing). 

Shear adhesion \B outstanding ( 9.25 MFa) <|!ompared to non flame tetardant laminates 1 
2S (2-2.5 MPa) and 2 (5 to 7 MPa). 



- glass laminate 5 

The resin used in laminate 5 is characterizejd by low color (< 20 Apha) , excellent 
stability and homogeneity (no decantation) , hnrorkability and reactivily. 

30 The laminate 6 has excellent transparency (light transmission > 85%), optical properties 

h 

(no optical defects), is stable against tempeipiture and UV irradiation (low yellowing). 
The shear adhesion on glass is higher (> 5 1 IPaJ than non flame retardant laminate 1 
(shesir adliesion 2 to 2.5 MPa). 
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Thermogravimetric analysis fTGA) 

Pams preparation: to the compositions, wer^added a Irgacure (5 parts) and amine 
synergist Eb 7100 (5 parts). The foxmul^tior^ were applied to a ^lass substrate with a 
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bar ooater and cured by UV radiation (120 
form a film of 100 micron thickness. The c 
substrate and were further tested by th 




cm, Hg lamp) under nitrogen, 5 m/min to 
;d films were peeled off from the ^ass 
letric axialirsls. 



Films 1, 2, 3, 5. 8, 9, 10 and 11 were submitted to aTGAin which the samples were 
heated at a rate of 10°C/min under air or iim^ogen (Ng) atmosphere from foom 
temperature up to 800°C. The weight % resMues at 600°C, 700^C and 800 °C in the 
TGA test described herein for the films of th^ invention (films 3,5, 8, 9, 10 and 11) were 
compared with two fihns made from a prior Isit'd and 2). At a given temperature, a 
higher char yield Indicated that the materiallls ^ better fiame retardant. 



As can been seen, the char residues at eOO^^p, 700°C and 800''C under air or/and 
nitrogen of fihns 3,5, 8, 9, 10 and 1 1 are sig^cantly higher than for comparative 
example l and 2 (prior art), illustrating the jLaproved ilame-retardant properties of the 
films of the invention. 
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Claims 

1. A method of producing a flame-retartpzit translucent laminate* the method 
comprising : 

(i) providing a radiation curable ' coinposidon comprising at least one 
radiation curable pol^maer precuilpt having polymertsable ethylenicaUy 
unsaturated functions (component l||md an optional additive (component n), 
at least one of the components •p'ro|ELding Eame retardant properties to the 
cured composition, 

cunng the pofymer precursor prjeferably by irradiating the composition 
and' 




es the cured composition and bonds 
fomi a ilame-retardant translucent 

translucent laminate according to 
lie! polymer precursor provides flame 
■^Imposition ("flame retardant polymer 



(14 



(Ul) forming a layer which layer co: 
at least two glass panes so as 
lafnlnate, 

2, A methiod of producing a jQlame-rei 
claim 1, wherein the radiation 
retardant properties to the cured 
precursor"}- 

3^ A method of producing a flame-retar3|u^t translucmt laminate according to 

claim 2, wherein Uie flame retardant pMyaxer precursor comprises one or more 

jfiil * 

radiation curable halogen or phosplxoms containing (or combination of both) 
polymer precursor which have, at the ©bains ends or laterally along the chain, 
acrylic, methaciylic or vinyl groups 

A method of producing a flaTne-retar||ant translucent laminate according to 
daixn 3» wherein the flame retardan^|[polymer precirrsor is at least one of: 

or methaciylate, phosphorus 
ite. water-ihizmable phosphorous- 



phosphorus contaiining uretbane 
containing polyester aocylate or 
containing polyesteracrylate or metijij 

5. A method of producing a fteme-retarda; 
preceding olaini, wiierein the comp Jsiti< 
monomer which is an halogen or pliospi 
reactive monomer which contributes 
composition ("flame retardant monom 

6. A method of producing a flame-rpta: 
daim 5, wherein the flame retardant mi 
methaocylate with dibutylpbosphate 

7. A method of producing a flamC'-ret^irda 
preceding claim, wherein the! c 




translucent laminate according to any 
contains one or more radiation curable 
brjjis containing (or combination of both) 
ame retardant properties of the cured 

[ant translucent laminate according to 
Lokner is the reaction product of glycidyl 

r ' 

tjl: translucent laminate according to any 
posinon contains one or more 



K»\^o itrv 



10 



15 



20 



26 



30 



35 



19. 
I ) 

monoethyienically or poJ^ethylenlcally 
xctardant monomer'*). 
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unsaturated monomers ("non (lame 



8. A method of producing a flame retar^ani translucent laminate according to claim 
7, wherein the non flame retardant inJnomer is at least one of the following: 



' IfH ^ a«5swi» \JK L1J.C lUJLiOAA 

6 hutylaciylate. butylmetfaaciadate, \ mdlbylacr^^ metlqrlmethactylate. 



2- 



ethylhe^grlaciylate. 2-ethylhexyImelihacj|late, aciyHc add, meihaciylic add. 



odyl/deqyl aciylate, octyl/dec^ | mc 
hydrox^ethylmethaczylate» phenoxyet 
nonylphenolethoxylate monoaciyIate,o 
heta-carbonylethylacrylate, 2-(-2-eiiioj| 
diaciylate. ' ' 

A method of produdng a flame retards 

r I 

preceding daim. wherein the compo^tlll 



^_iciylate. 2-hydroxyethylacEylate, 2- 
riacxylate, phenoxjfetfaylmetfaaciylaie. 
lylphenolethoxylate monomethaocylate, 
sthQxyJethylaofylate, 1,6-hexanediol 

translucent laminate according to any 
comprises an additive which is a not 



copolymerizable. non reactive, orgajnic |r inoi^ganic compound contributing to 
the flame-retardant propertiea of. th^j cured coxnpoaltion C"flame retradant 
additive"). 

10. A method of producing a flame retardept ll^t-transmlttlng laminate according 
to claim 9, wherdn an intmnescept 



flame retardant additive. 

11. A flame-retardant hght-traxxsmitting la 
to any preceding claim. 

12. Radiation curable composition comprjlsi 
fiO at least one radiation cuitibl 

propertied to the cured compositioi 
which polymer precursor cojtnprific 
halogen or phosphorus cotoit 
precursor which have, at the chains 
methacrylic or vinyl groups, and 
at least one of the foUowing c 
(Sil) a radiation curable • mono*; 
polyethylenically unsaturated 
and/or i 
Cii2) a radiation curable monoi 
containing (or combination ot b 



int and/or nanopaitides are used as 
ite obtainable by a method according 



to flame retardant properties 'of 
monomer"). j 
.Radiation curable composlUon accor 
rs3sardant polymer precursor is at leist 
ieiylate or methacxylate, phosplko 



polymer providing flame retardant 
("flame retardant polymer precursor"), 
one or more radiation polymerizable, 
(or combination of both) polymer 
ids or laterally along the chain, acxylic, 

»unds: 

ler which is a monoethylenicafly or 
Lomer (**non flame retardant monomer**) 

^. which is an halogen or phosphorus 
Ifh) reactive monomer which contributes 
le cured composition ("flame retardant 

Lg to daim 12, wherein the flame 
»ne of: phosphorus contaiolng urethane 
containing polyester aciylate or 
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14. Radiation curable coznposition accd 
flame rctardant monomer is at 




DEB MUNCHEN 



@027 



butylxncthacryiate, mcthylacrylate. metKylmethacrylate, a-ethylhexylaciylate, 2- 



ettiylhexylmethacrylate. aciylic aeijd, iL 

ociyl/decyl methacrylate. 2-hydroxyeth 

1 1^ 

phenoxyethylacrylate, pbenaxyetbyli 
moxioacrylate* nooylplienolethoxy] 
carbonyletliylaciylate, 2-l-2-etlioxy< 
d^ciylate, 

15. Radiation curable composition accord 
flame retaEdant polymer precursor 





s-containing po]^resteraciylate or 



to claim 12 or 13, wherein the non 
one of the following: butylacr^ate, 



lethaciyiic acid, octyl/decyl acryiate^ 
iacrylate, 2-hydr02fyethylmettacrylate, 
lethaciylate, nonylphenolethQ3fiylate 
monomethaciylate, beta- 
LOxy)ethylaciylate, 1.6-hexaiiedlol 

to ax)y of claims 12 to 14. wherein the 
least one of: phosphorus containing 



urethane aciylate or methaciylate. phosphorus containing polyester acrylate or 

>rous-oontaining polyesteracrylate or 



methaciylate, water-thixmable phjosf 
methaciylate. 

16. Kadiatlon curable coxnposition accoit 
flame retardant monomer is the reactic] 
dibulylphosphate 

17. Radiation curable composition accotdixi 
composition is translucent. 

18. Composition obtainable 1^ radiatioii Cu5|ng of the composition claimed in any of 
claims 12 to 17. ' ^ 

19. Composition according to claim 18, 



^hic h is translucent. 



to any of claims 12 to 15, wherein the 
product of glyddyl methaciylate with 

to any of claims 12 to 16 wherein the 



Abstract 



0£B MUNCHEN 



a irethod of prOdudxig a flame-TBtardant 
L'cent flame retardant, radiation exited 



The present invention is directed to 
translucent lanrixiate, comprising a transli 

layer bonding two sheets of glass. The fijiart|jg composition of the layer comprises a 



radiation curable polymer precursor,* 
containing polymer pjnecursor. 



9Sp^ 
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an halogenated or phosphorous 
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